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(54) SINGLE MAGNETIC FLUX QUANTUM CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the space factor 
of a passive transmission line and to reduce the chip 
area by configuring a receiving circuit so that an input 
impedance can be greatest on the first stage and an 
equivalent impedance can be reduced toward following 
stages. 

SOLUTION: In a receiving circuit 10 composed of a 
Josephson transmission line in (n+1) stage configuration, 
when the critical current value of a Josephson junction 
J41 on the first stage is defined as Ic, the critical 
current value of a Josephson junction J42 on the 
second stage becomes pic, the critical current value of a 
Josephson junction J4k (k is an integer from 1 to n) is |3 
k-llc and the critical current value of a Josephson 
junction in the poststage is set so as to be enlarged by a 
factor of p for every stage. Thus, the circuit is also 
functioned as an impedance transformed with which the 
input impedance is enlarged toward the first stage and 
the equivalent impedance is reduced toward the 
poststage, even when the characteristic impedance of a passive transmission line 9 is great, 
impedance matching with the receiving circuit 10 is attained and a single magnetic flux quantum 
inputted to a driver circuit 8 can be transmitted to a poststage circuit. 
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^BB2 0 0 1-68995 



»jRa^<D:*:#*a>o. 2~o. 9 9f&© 

i;a-b7V>lt^<06g|!im3itfil* ak x i c . (k + 
1) Sa«)i?3-b7V>l$^<DEI^m3Efil«ak+1 x I 
o fti>t «iL, ai =n?j&«. ) , 1<ak+i / 

[fll^«[4] itrlES(§ii]i%a}kSg(0'r>5''^$>xa) 

[iS*«5] KrlBak+l /cTk lis IIS-^^iti:*^^-Cl^ 

« c ^ t -r 4 iBS<Dm-i»mfi'?-iHii». 

9>7.mil(V6\-o /On ^:^ti:•6«»:5l=«fi)^$*^■Ct^■5C 

^ $4$a^ 4 XI* 5 iBffi0>m-tt3Ka?ii 

[|»«S7 3 ni8Bsi»eai«site«)«tt^'>e-yi//t 
I*. |iiiasffiiHiisa)t!3R<Di?3-b7v>i$^a)y--7;u 

5iJ»tafiS«)0. 4~0. 9 9^&i:S*^Tt^S;Ii:*!^at 

■r*w«3Sii ~6.<Du■r*vA^-al=lHia«>*-««fi^ 

4^lc^^^■r*s^i^alK*^ixTl^«> c i: t -r *K 
«s 1 ~ 7 «>l^•r*w^-3Sl=lamo^*-ama^la]K. 
[ffi^^g] itisBK^-f/^iaiK^ttraBSSfiesi^K^o 
miz^ fitFa2K7-</<isi»w*<«siMic«-<>t;-y>7. 

-CS$L« ttltBSBIfi2l»^Atffi>ktni=]S'r>e-^ 

>xi»5S^r-5<}:5i=. -sxi*iafta©ffl 101/4 



fr8BSiiasic»i%^fiirtBsmi§iKj:a>iHii=. MiBsne 

iSI^KfflilA^ia>ttfi<J|:iB;-f^tf— T-S^L. MIBS 
iilalSSfil*<ffl J* W > e- ^ > X -eM^f J: 5 
l=, -ISXI*1t!asa)m2<D1 /4;ftg^figSA<S«i$ 
*lTUSri:^!f#®i:-rSif3R^1 ~7©Lx-r*l*^-« 
|c|H«6rom-«S^a^IallS. 

tit^^ll O] miaKT-f/^lHlS&irltJiBSllifiSl^iSi: 
fl)KI=. ^IHK^-</<IilKflgAt«**WI=«'f 

^r>X-eS^-rSJ:5l::, -iaxl*«»S<DSe 1 <0t— 

«lslKfl!lA<4iMWI=iS-1' >e-^>;^-eS^f -5.1: d 
l=, -SXI4tt»S©»2a)-r-/<a!«fi«fiR«*<ffi«l 
^?*lTt^*^i:^^ai:■rSIS*^Si1 ^ 7 ©^^■^•*^A^- 

3ii=ia©«>*-«^s^-iaK, 

tW^Jfi 1 1 ] MIB K 7 -r AllKro 3 -b r» V vs^ 

I*. m-myRm^(r>&mi}mmtj:mm-Q. ^sajva-t 

V >SI-&IS i: BSSmSS® A</J> * <f i> 3 42 :? V i: 
**irt^«c:i:*i^«i:-r-5BI*iSl ~1 0«>L^■r^^A^ 

-^icffimrom-fflt^a^iiKo 

«tr8aSiti&^|g|%a>tt:«]«ll^l»iSSmgiKa)A:btS^(D 
rate. ltrfiaSi!iei!l^»*^t;@®3};u-:^A<j^fiE*n 
■set $lelS-r -SfctfxDJg^ *<il?iJI-J$eas*i-ct^-5 c: 
i:*#»i:-r«l»*«1 ~1 1 «)t^■r*lA^— ai=Ett«> 

m-nma^niKo 

[|f^^i 3] MISSBIifiHI4S%$^t;jas«;u-:^A< 
}efiK**t«;zA:*ia3B-*-«fc«)OSR^-l*, MefiBilpai 

S«SfeS.Sei:*#»i:-r«tt««1 2U«L0>m-m 

[stjjtiei 4] miasHi€si»K$$t.^ie«igi;u--::fAt 

v/^i/^ivx-cftftcts^ssfc-rsai^si 2Ea<o 
[sijft^i 5] iQiBssiiesiisiKi*. i&timmnisnm^ 

l*■C«lriE*tlTt^«ei:*»«i:•^• «»«3ai ~1 10) 

l^-r4^*^-«lzlH^a<om-«*a^laJH^. 

[OO O 1 ] 

if%^<f>m-ri>mvi»wn ^sttatt. smmmtsm (pa 

sslve Transmission Lines) fliJKS?' (Si 

ngle Flux Quantum) i]|%lc|i-r<&. 
COO 0 2] a>lfi-5i^fiJ«a««)»»IC*5txT 
I*. ^jSA^O«>BgS*(07^/<-f XA<S"«*tvTt^«, 
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[0 0 0 3] 

(Rapid Single Flux Quantum) ^SttWlUl^t^MM 
K^<ti^*itrL^^ C RSFO Logic/Memory Family : 
A NewJosephson-Junction Technology for Sub-Teraher 
tz-C lock-Frequency DtgitalSystems IEEE TRANSACT 
IONS ON APPLIED SUPERCONDUCTIVITY. VOL.1, NO. 1. MAR 
CH 1991, PP. 3-28 ) o 

[0 0 0 4] HSttRSFQiBlK (iS5$*-fflS^fi^li] 
K) C0IS3®l5JK<7)-ot?fc€»v3-b3?V>eSliaK (Jo 
sephson Transmission Lines) (D^f&^Tjk'^^S&JSVS^ 

y. J 1 1 - J 1 e\ti>Bizyv>m'^. L 1 

1 -LI 6I*-f ^^r^^^^vx. CS 1 1 -CS 1 6l*it 

[0 0 0 5] i^aHz^^vveiUHKl*. i^a-tr:7V>JS 

y V >g^cDB§^a3Sfit 1 0 ^ i; 3 -b :7 V v^^FbIS^ 
[0 0 0 7] :i0>tzib. Mii^mmmmiiSi^mt-r^m'^ 

i^Soi^ 3 Hz :7 V >^^^lgit ^ c ^ fa:^;?!^ 

^ ^ U 3 o fco 

m-ams^IslK*«aig*tLXt>-s C transmission 0 
F single-flux-quantuh pulses along superconducting 

MICROSTRIP lines IEEE TRANSACTIONS ON APPLIED 
superconductivity. V0L3.no. 1. MARCH 1993. PP.2598 
-2600) o 

[0O0 9] C(Om-«:Sg^lHl»l*. eSISKirLT 

Siib&^&^v&^mmm'^^ ^ nx h u ymm (su 

perconducting MIcrostrIp Lines) Sfflt^T^I-^CDJIiiS 

K^-f/<IalST-a&y. J2 1. J 2 2. J2 3l*i; 
3*7 V>»^. L2K L2 2. L2 3l4-<>y^^ 

R2 1. R2 2. R2 3i*iegsBgs«t«flt-r^ 
[001 1] 4r4fifli»T-f ^^pxhy-y^tt 

y. J24. J25. J2 6lii>3-b:7V>S^. L2 
4. L25. L2 6tt-<>^r>^^i>X. R24. R2 
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5. R2 6l*EaESS5;TS*«dE-r«fci<:>(D»taT*fc-&o 
[0 0 12] *fc. 6l*K7</^[s]B3<t®®^77^>7 

fc*f>a)^>e-4f>xs^ffiiEiaiB-cfcy. l2 7I*^ 
/ci6o^>e~5r>xs^MiEii]S6-efty. L2 8tt-f 

>^/7^r>X. C2 8li+^/^ix^>X7?ASo 
[O O 1 4] 

i^mmatL^ot-r^mmi hi oiz^-r«£*<7>m 

-mmS-T^HBl*. K^-TAliiBaRl/SfilslBsizfc 
t^TI*. ±T<0i?3-ir:7v>ft^j 2 1 - J 2 6^|^|— 
KJf■BglE^Sfl>i>^■b:7V>lS^^■r*i:^^c. ^TO)^ 

^>XL21--L26 ^m-^ >«f ^ 51 VXfflO) 
[GO 1 5] C<Dfci6. K^-f/N*|alK3i:ffiBS-7^^ 
v^^px hy *>7^^sS4<!:Sfi(His&5cta)^>tf— sr 

>xS^*%^^i:. i>3-b:7 v>g^^ J 2 1 J 2 6 

oBS»a9SfflSJt«M/h*<ift«-Lrti. fflm»-7^i7 
PX h y *>:^i9K4a>-f >e— 5f>xi*ffi<3S:yia^r 

[00 1 6] dCllc. «iJk.«. ffl«»lilK<Z>ftigftWi: 

SSLT. i?3-l2:7V>S^ J 2 1 J 2 6<oeg»m3S 
«l*0. 1 mAi:Lfca*ICI*. fflmS^-f^PXhy 
*;/::^«SB4(D-r>hf— y>x(*i . 5-2 Q^/h*3S:ffl 

[001 7] zLiximmt^fzibiz^ sm»^-f^px 

hy '5/:^«J»4a)'<~Xt3S:-5l&«Hi:LrSi02 S 
SffiffiL> -^(DH^^a O O nm^t-r^xh. 
^ n X h y 4 O «gBi|>i (*40-60iUmi:#ifi 

i:fe-pTL*tV Si02 mom.^^! OOnmtT^ 

1 2 0iUmlCtfto-CL*3o 

[00 1 8] y34r>'V>ft$J 2 1 - 

J 2 6<7>Bg|^a95(i$ O. 2 SmAitf^t. iBB»'7 

^^px h*>y *;/::^SK4a)ilBJliii*. i;3-b:7v>ffi 

&J 2 1 - J 2 6a)Bg»eg£flt* O. 1 mAit Lfcii^ 
0)2. 5fggarzt,«:oTL*9« 
[001 9] 01 0lc^-rtt3fca)*-«mft^® 

B^-^-rnrJixsictt, i; 3 41:7 v j 2 1 - j 2 

StLT. BB»B95ffl*<0. 1 2 5mA<0i/3-b7V> 

jaB»T-<^7Px hy *:/:^iaK4<o 

-f>e-4r>xii. 1 . 8Qi:«f:«Ci:Ata^$*tTtx 

[0020] ccic. se97-<^pxhy ^^fiB4 

0|IK*ISSt«6^fri/^rc|*. a«SI'7-f<;PXhy 

4 (D'^-x ^ ft ^««s * » < -r ^ c 3b<^sftT?fc 
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[002 1] 

f&mm i:: e > 7t^-;u/»<«§± L l^ cfc a L r *e y (7) [Ri 
±i&m^:itt<v^^^o\zL fc*-«t«:fiTlilK«ffi 

[0022] 

too 2 3] *^^lZfcl^•Cl*. SlilHlteOi? 3-^:7 7 

a»(Dy3^r:7v:^}§g^j5^BS5fLfiaEfflA<*: 
[0 0 2 4] ai!ie3ll9K<D!t#tt-f>if-^r 
[0 0 2 51 ZO^olZ. *«e«IZj:*ttf. SBftfiSlta 
[0 0 2 6] 

[«e^<DSIjS6<DJi^fiS] JUT. 01-H8«#^Lr. :f: 
[0O2 7] ^iSIJSf^fiS- - Hi. 02 

K^-rAls]Kt?fcy. J3 1. J 3 2, J3 3l*i? 
3-b:7V>}S^, L31. L32. L 3 2 l*-f >^r>7 ^ 

es3K CS3 2. cs 3 3i*|ts5Bssai-cfc 

COO 2 8] *fc. 9f*fflB»ea6eK3b^t>3S:^Sl!ie 
HlfiB. 1 oi* (n + 1) Stm&oi^B-tyv^&ikm 




K*^&ft*a(ilsJK-efcy. J4 1. J 4 2. J 4 3. 
J4n. J 4 (n + l) lit? a -fe "7 V Vlg-^, L41, 
L42. L43. L4n. L4 (n + 1) {t^>^^^ 
CS41. CS42. CS43. CS4n. CS 

4 (n + 1) itm^m^f^v&^o 

[0 0 2 9] Ut^. i>3-b3?V>^^ J 4 3. J4nW 
IwUClSftt-^i^a-fe:? V>g^ J 4 4- J 4 (n- 
1) -<>^r^$i>XL4 3. L4 nPp1fCllBIZ#:tt-r 
^-r>^^^>XL4 4-'L4 (n-1) ^k. It^JttSS 
3iCS4 3. CS4 nPBll::|IilcS«t"^lt^maE3SCS 
4 4-CS4 (n-1) f*. |g^*«IBSLTt^-So 

[003O] zciz. ^DlSOva-tr:? v>g^ J 4 1 <7> 
ESSSatlil* I c i:-r§^. 2Kg(7>i>a4z:7V>^^ 
J 4 2<0ffll!iaa£(il(*i5 I c . 3ISgOi>3lz:7V>J$ 
^ J 4 3<Dffi»mgK1II*i5 2 Ic. n®[B0!)i>342:7V 
J 4 n(DEg^aat<fif*iSn-1 | c . «^|g(Di>3 
•tr:7V>}*^J4 (n + 1 ) a)Bg»Bat(il*iSn let 

«:*cfc^ic**LTi^-So du. pit. i<i9^2a)fli-e 
[003 1] -rtat)^^ smuiKi oizfcurii. i;3 

•t2:7V>lS^J4 k ((at. k(*1 -nOSK-efc 

3? V VlS^OBSffltBSSfSI* i5 fg-r-^:*:^ < jS-S cfc 5 

[0032] ^fz. *!3SCD-<>y^^>XL4 1 <7>-f > 

L4 2<7>-f >y^^>Xfil(4Lo //S. 3KB<7>'f>5r 
^^ii/XL4 3<;>Y>y<7 4i>Xfili*Lo /i5 2 , nS 
>$f'27^>XL4 n<7)-f>y^^>X{il(*Lo / 
/Sn-1 , Sj^®a)-<V^^^>XL4 (n + 1) (D-f 
>y^4«>X<itl*Lo /jSn ttj:^ ^olzitlXl'^^o 
[0 0 3 3] -ttfiibfbs -<>^^^>XL 4 kO-l':^^'* 

X0-f >Xfitl* 1 /i5 fS-To/h* < 51^ 

SS**^. i>a-b:7V>»6J4ka>ffiJfimSS(l/8k-l 
Ic t-f >y<7^>XL4 kO'O^^^^'VXflttLo 

//8k-i tomti^-Mtu^^^izLxi^^o zom 

t>>5:t^cfcaiw. m^aimfi^<7):*:**<D0. 2-0. 9 9. 

[0034]*fc. K^-</<[HlK8fZj3l%Tf*. ^3 42 
3^V>}g^J3 1, J 3 2. J 3 3 (DBg^BSSfiSl*. 
3-b:7 V>^^ J 3 1 . J 3 2. J 3 3a>Bg#BS5fi|$ 

Icjnft^t. m^it. lc„ln=iSn ic t*4x. -f 

>y^*>XJ31. L32. J 3 ao-f 

fitfi. -r>^^^>XL3 1. L3 2. L3 3(0-<>y 

[00 3 5] C<D.*:dlC. *«^<Offil SlSfif^aSCcfclx 

Xit. amislKi 01*. k®ga>i?3-tz:7V>lt^<0Ba 
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»Bsttfii*afk X I c . (k + 1 ) aaa>y3'fe-7v> 

Lo /oTk «!:**tv ofk+i /oTk =i5 

[0 0 3 61 *fc. SfiElKl 01*. m-«m»^3b<h 

>Xflli:<DaA<m-««fi^<D*^*<DO. 2-0. 9 9 

[O0 3 71 *f=. S<1I1K1 o«)i?a-bPVi/ft*J 
41~J4 (n + 1) fcLTI*. RSFQlDISroS^t 

i'SI'o Sffit^SA^s S I S (Superconductor- Ins 

u I ator-Superconductor) <DJ;5'6:tX'T'J*>X$^'3 
i? a -b 7 V ffi LNi>li^|-|±, 3 -te 7 V 

i:afe5>II-i'-v>i-»tfi*iftl+. • 
* A< 1 gftic** J: d l=H» L. ^aWlc t 'J 

[0 0 3 8] )5:fc\ |IMKll^tX•f■•J*>X*<}St^.fc^|c 

^Sitfci/v^Hesttro^fiEafefiJtsfiifiioo. 4~o. 

[0 0 3 9] m±<OJ:^fc« Slli)i$Sg|cj3 
t^rtts S^glKi o«)?>a-b:7v>lS$j 4 1 ~ J 

(n + l) It, ^Rfl)i?aH2 7V>jt^(5iflSSIf-mS£fil 

[0 0 4 01 c«>te«s SBies6«iK9©!^tt-f'>e- 

^>XA<A#<Tt. »»e%lll»9^S«lillSl O^ 

8 fcA:b $4i.&m-«m5?-i&S&li€SI<a% 9 &t/S^ 
lalfSl O^^LTS^EIKI 0<Ott»li]KI=eS|-r«C 

[004 1] CO* 51::, *9ll«(DSllltfiJBSSI=«fc4i 

esinB 9 (o«iB4i < -r « c ^ ]!i<T $ 
[0 0 4 2] Ltzi^-sx. s^n&mtA&Qo^m^mi 

la/j^f « i: l:: * •:^®a<ofi|/JMb(=<fc y , :^ 
3X ho>{S^{b$H-&c:^At-c#«^Al=, snCsS^H 



»a>'<-X4:J5:««5«H(=t^>*-;^3!)<f6*L^S:t^J: 9 

[0 0 4 3] H2i**;s6^<DSi s^£Bfil^i'Sa.^— 
1 1 i**-«smfi^»^3n? & SDC/SFQ mis, ^ 

21* K^-C/^dlBsicMtB-r* K^-f /N'laSS, 1 3I*S 
i!)fem^K9|::«*&-r-SSi(ie2ltaBT-*.y, ptlI* 
S**660Qi/m, ^ttt-f >e— ^<*i/X*4Qt-r-5 

snieaijaBr-fcs. 

[0 0 4 4] Rl l*0. 2Q<0jSSg»ta, 141* 

S1i@Kl 0lc*tf&-r-&S1slB]B, 1 5l*Smii]Bl 4 

[0 0 4 5] fszom-cit. fi=rztL. 

K1 3a)1^1t-('i/e-^>;^S4 0 (filiiS2 0//ml=« 
a) tLTt^SA^ Cfl)ti^, aft?— iJr/t Lt±2 
0%lilJ:A«»e)*lfc, Ctil*, Ic =0. 1mA, 

-<>e-^f>x=2Q©a^i:P«©fli-efcy, 

[0046] m2|gJi]^Sg- -^3 
y, *«6BJ«)^2SISSJe«§l*, K7-f/N'lalffi8©ffl*Sg 

i=SEii€i3i«iBg&i^smiH)Bi oAx&)t£<&esitiiB$ 

[0 0 4 7] *^Ma>^2SIJfiJglBlc<fc*i,l*, K'5-f/< 
[0048] m3SISEI^fiS • • 04 

y, 4:fe«a>m3iiiffi}^«ii*, K^-f^siBs^sne 

SI^B 9 i: a>ftll= 1 / 4 aSfi^fiES ( A / 4 h :7 
[0049] CCIC, 1 /4J6gSEfi6«1 81*, K^-f 

esiisB 9 fill A<*8««i=;i;-< v tf-^f >x -cs^-r s .t 

[0 0 5 0] *fc, i/4jKfi3EfiESi 91*, SBeiH 
l!lB9ffl|A<ffi»WI=S'f >e-5f>;^.1?S^ L, gmH 
Bi offiiA<ffi«Wi=«-<>tr-^f>x-eS^-r4J;9 

i=, sneaittB 9 1 smm» i o j: a>mzm» ts *lx 

[006 1])ttJ3, 1 /4 2lSKfiRSg1 8, 1 9C0fi$ 

I*, sBie2i«B9±*esi-*-s*-ajfe«^<DX'<^» 




fiSfiESi 8, 191*, -a«fiEi!**irt^s*^ cti 

[0 0 5 2] :?:SgW(0S3||JfiJ^®|Cj:*i. 
■Ct, Sl!iejai«K9i:amiiltel oi:<D'l'>tf-^r> 

«-ffima'?'$satiesi«ii&g&t;s4iiaii£i o$^l 

[0 0 5 3] wCDiSa, Si!ieai«IK9i: LT, 
«l»9«>'i-Xt>5:««»B«»<-r*^i:'5i:<, 

[OOS4] Ltzi>*r>x. &wimst»Si9o>&mmmt: 
m'b-t -5 c t ic J: s ^ -^mmorn'Mtiz * y , 5^ :^ 

» a «>/<— X t *.6tt«HI= e >7|«-;UA<«6± L JSt^ J: 
5 1= L T*S y (D |Sl± * H ft w i: «. 

[0 0 5 5] m^mmBm • ■ @5 

y, 4:ie^(om 4 sii6Bts(*, K7'f/<iB]%8^siba 

i^^K 9 (omz'r-jimnmm 2 o •& t ^ 

l=, SKie2UiK9tg<illlKl 0i:©rai=T^-/<S^ 
[00 5 6] =.=.\z^ -r— /<^«fiEI82 01*, K^-f/^ 

isi»8fl!iA<fa**»i=fi-<>if— jf>x-es^L, sue 

iz. K7Y/^is]K8^sgii^giigKg^a>rai=^fi£$*i 
•cuft. 

[00 s 7] *fc, T-/<^S)S«2 1 1*, SKifiSltft 

1 otii^fflwwice-oe-y^x-cs^-rftj:^!^. 

Si6e2lil%9j:SmiillSl o ^a)|HII=m0t$4tTl^ 

[00 5 8] tjiiS. :r%ISa>%4ggJS)^all=fel^Ti*, 
x-/<l!«fi6«2 O, 2 1 I*, -etm^t *4lTt^ft 

::*Le.5^-/<s««»2o. 2 11*, laaiK^^^ 

C0 0 5 9J wOifcdiC, *:^W(0»4^1£}^fl8lcJ:*i 
Id!. SQbasl»Kg<0ili8l=T— /<iBKl£«2 0. 2 1 
^gftltfti:L•tt^ft(0^?. Sa!ie2IOgK9<»^tt-f >e 

1 llJ6»fli<D^^* y < -c 
-<K%Q?$SBii£^{Sieg&i;sfi(BiKi o^^l-c 
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g«lHll»1 0«>»RElBI=ei3i-rft=:i:3!it-e*ft. 
[0 0 6 0] dOiigS. Si!ieSI^K9i: UT. 
(Dig 1 SIJSif[^Sia>«^ J: y =fc#tt-< > tf-y 
/j:Sl!lfi2l«K^ffiffl-rftCi:A<-t?^fta>T?. SiOeiJI 
«K9fl>'<-Xi:ni:ftf6liB«5ll<-rftCi:Ja:<. 

*&<-rftc:i:*<T'*ft. 

[006 11 Ut=A<oT, SI(ie3ltSlK9<Di5*Ha* 
lffi/J\f ftCi:lcJ:ft^.v :/®||<0$g/Jx'(klc J; y , ^K>-f 
ax hfl)«m<b*HftCtA<T-*fti:^tl=. Slie^lg 
K 9 fl) K-x t ftffilSIS Iw e >*-;U3!i<f6^ L nt t^ J: 
5 L -C*^S y <DlRj± S la ft d i: A<T? # ft. 

[O O 6 2] msmt&mm • • 06 

y. ;«:fs^0)m5 9gtfi]&flgi*. sibej£fiiK9a>u:>it» 

i:g<iil»l 0<7)A*i4gi:«)Mlc. SilieSI^K 9 
tt-f > ti—sr ^xichf^-cttfitfiSO/h* jJctsec 2 2 sit 
5lJlcl««L, •tfl>«bl=OL>ri*. Hi l=*-r:*:f6iB«>» 
1 IIJ6}eJli:fatll=«fiEUfc=t,<D-efcft. 
[0 0 6 3] ca>j;ai:ifltfie**ifc4;f6B«fl)m5Sijfi© 
as!=j:tii£. :^%^a>m iistfi)&isa>«$^i^«iiic. s 

9 O A *®S *«g/h-r ft w i: ic * ft ^ :f ta 
llco«g/Hbl::<fcy. 5^-y:^aX KDftSEft*0ft w t A< 

i?^fti:^i=. ai«ie2i^K9ro'<-xi:JSftite«iPi= 

e>7h— J: 5 1= LT^S y <DlfllJi*iaft 
Ml::, «|ti»tt2 2 (= J: oT, iJg-lr^V 
i/S^ J 3 3 t saeil&m 9 t i? a Hz 7 V J 4 
1 fCiffiB»;i/-:rAt»fiR**t)S:t^J:9l=U, SHlfi^ 
8gS& 9 -eoK^ h 7 :^(DfE±* Sit ft ;i i: A*T?# ft. 

[DO 6 41 me^mmn - • m7 
m 7 i*4:9ima>m 6 igifi]&ti<osi«»$^-ri5]»@7ft 

y. T^^B^omeHi&T^ggi*, SiiieiSi|||^g(Oil]AiiS 
tSjflelKl 0©A*4i6i:<Draic, m-a^«?^*iiia 
*1*ft C: fcAtTJ^ft^^r-V/^i^^f >XfiS*-r ft+'V/^i' 
4ii/X2 3*ia5iJI=»®!L, -troffilcot^TI*, H1I= 

ni-r 1 sgfifi^fii^i^fiii=^fieur=t>a> -eft 

[GO 6 5] z.a>J:'ilzm^iixtz:^ntao>9i6mmJ& 

miz^itii. :if:%^a)m-immrfmom^tmmiz. a 
aesisa 9 <o a ^ffis *ss'j^-r ft d 1 1= * ft -y 

e«>8S'IMkl= «fcy, ^t/^axh fl>««fc *H ft C t A* 

•e#fti:#tl=, Sae3l®K9(D'<-Xi:j&ft(a«imi= 
e>Jh-;UA<ie± L'tEt^ <fc d I- LT#S y OlRlJ^* Bft 
wtA^-eS, HI-> ^-V/^i^^ 2 3l=J;-3-C, i?3-b7 
V J 3 3 ^ SSbeSieiK 9 ^ i» 3 -b 7 V J 

a®» 9 -coa^ h ^ y :^«)a6±*ffiit ft c t 

fto 

[DO 6 6] *:|6W<omi ^J£»a8~m6^1iS» 
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t;us-';7a (a d . ^ (cu) moi&^tKmo'^m 
[0 0 6 7] *«0ja)misejfiji^fl8-'m6iiffifl^ 

3 -tz :7 V ^eg#B35fit * 3 -b V >lt 

^ ^ ^ J: 5 <c«fie L T t a t^o 

[0 0 6 8] H8r**«gwa>ffiisijfij^8l*i/5ii.u— 

i/a>t-^fciftKDIs]Kc?)te(D0iJ*^-riglt?fcy. 1^8 
1 eliK^-f /<Ie]i&8[z^*fS-r-S K^^y<lslKT-fc 
c<D K^-</<leIK8l±. tDSa>i^3'b:7 v>}*^(0 
BI»BS6ffi*0. 2mA . 2Sa<Di?3427V>l*^a> 
BSSHSSfli^O. 2/V 2 = 0. 1 4mA. 3|ggCF>i>3 
-l2:7V>S^<Deg#m3i[®^0. 2/ (/■2) 2=0. 1 m 
A. 4SBa)i>3H2:7V>»^<Dffi»e3SflS*0. 2/ 
(V"2) 3=o. 07mA . SIH^CDe^ 3 -b :7 V 
COBSSSaEfit* O. 2/ (V2) 4r=o. O 5mA t Lfz 

[O O 6 9] 

m^o^ski \ci±0^5\z. *fi^(c.fc*ti*. smisi 



[0®(7>ffi*?tfi»W] 

[@3] :^mM<Dm^mmi^mom^^m-t^Kmx*ib 

ho 
So 

[1216] *^B^a)^5iiiS}^fiS(Di5aj*^'risii»igr*fc 

So 

[1^17] :$:%^a>%6|lt&}E$flS(D£«P$^-riB]K0'e& 

So 

[1218] *«iaa>sgisiife?i^«8*V5 3.u--i/a>-rs 
[0 9] i>3-b^v>fei3ieKa>«j«*^-r®ffiiaiffc 

So 

[01 o] e^«aK^Lrffim«^-f ^pxh«j-^::^« 
Lfcffi*<o*-amfi^iii»a)-«*5^-risii» 
Ei-efcSo 

[»^<Dltt^] 

J i> 3 -b :7 V 

c s esiESdtai 
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X 
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Ttr 
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me] 



-11 DC/Sf=Q@a 



-16 K3</<@tt 
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[B1 O] 



aiemA ai2mA OjoamA aaunA o.otmA 

® ® ® ® Q) 

4pH I 5.7PH I BpH li^TiepH 



3: 5C 3C X X i fvl 

A 0.14mA 0.1mA 0.07niA 0,05mA J 

1 1 1 1 1 i I 
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SltBft 
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(72)«llfl# g)l -is 

mm«i5fl:mBmm-Tsi4#3^ wast 

(72)f§e§# Si- 

m^«!in:mizms-Tii4S3# sta^ 

F^i— A(##) 4M113 AA42 AD11 AD21 

SJ042 AA04 BAOO CA29 DA01 



